The K(m) for Radiosensitization of Human Tumor Cells by Oxygen is Much Greater than 3 mmHg and is Further Increased by Elevated Levels of Cysteine.
We studied the role of cysteine as an intracellular radiation protector under conditions in which both oxygen and thiols were monitored at 37 degrees C. In HCT-116 human colon cancer cells, the intracellular cysteine content affects the radiation survival dramatically at intermediate oxygen levels, but not at zero or high oxygen levels. Using a spin-through-oil method with a dual radioactive label detection system, we measured intracellular cysteine and glutathione (GSH) levels for cells in suspension culture. A comparison of the cysteine levels of monolayer cells lysed in situ and of trypsinized monolayer cells in suspension (Horan et al., Cytometry 29, 76-82, 1997) revealed that, upon trypsinization from monolayer culture and transfer to a spinner apparatus at 37 degrees C, HCT-116 cells lose most of their intracellular cysteine. Over the 60-min time course of control experiments, these cells do not recover intracellular cysteine despite the availability of cystine (the disulfide of cysteine) in the medium. When cells in spinner culture are provided with exogenous cysteine, they initially concentrate it to 10-fold the extracellular concentration, with the concentration factor decreasing to about 5-fold over the course of an hour. The intracellular GSH concentration changes little throughout this period, regardless of the changes in cysteine levels. The same apparatus was used to assess the survival of HCT-116 cells irradiated at 37 degrees C under conditions of constant pO(2) monitoring. For cells without added cysteine, the oxygen concentration for half-maximal radiation sensitivity was about 7.5 mmHg (intermediate hypoxia), more than twice the commonly accepted value (3 mmHg). At 7.5 mmHg, cells with added cysteine (intracellular concentration 3.5 mM) were almost as radioresistant as severely hypoxic cells (approximately 0.005% oxygen). Cells in parallel experiments in which the cells were grown in monolayers on glass Petri dishes had intermediate cysteine values and also intermediate radiosensitivity. We conclude that the radiation response of cells at intermediate oxygen levels is controlled predominantly by intracellular cysteine levels and that the cysteine levels commonly found in tumors may increase the K(m) for radiosensitivity to values much higher than suggested previously.